This study aims to examine the relationship between the functional polymorphism at the promoter region of the ( ) ( ) dopamine D2 receptor DRD2 gene i.e. -141C Ins r r r r rDel and variable number of tandem repeat polymorphism at the 3Ј ( ) ( ) untranslated region of the dopamine transporter DAT gene SLC6A3 with alcoholism in a case-control study. The ( ) ( ) cases n s 203 were alcohol dependents with withdrawal symptoms, and the controls n s 213 were sex-and ethnicity-matched individuals who were screened to exclude those with alcohol problems among four aboriginal groups ( ) Atayal, Ami, Bunun, and Paiwan and Han Chinese in Taiwan. To control for potential confounding factors, we excluded tobacco abusers from control subjects in part of the analysis and compared the distribution of the genetic polymorphisms in alcoholics with severe medical complications versus those with less severe medical complications. There were no differences in allele and genotype frequencies of these two distinct genetic markers between alcoholics and control subjects in these five different ethnic groups. There was no significant linkage disequilibrium between the -141C ( ) polymorphism and two other DRD2 polymorphisms TaqI A and NcoI . The results remained unchanged when cases were limited to alcoholics with more severe medical complications or when tobacco abusers were excluded from control subjects. The results suggest that both the DRD2 promoter region and the DAT gene do not play a significant role in conferring vulnerability to alcoholism. Psychiatr Genet 11:187-195 ᮊ 2001 Lippincott Williams & Wilkins.
INTRODUCTION
Alcoholism is a complex mental disorder that most probably results from the interplay between genetic Ž predisposition and environmental factors Cloninger, . 1987; Merikangas, 1990 . In search of genetic susceptibility to alcoholism, the dopaminergic neurotransmission in the mesolimbic system has been extensively investigated because of its involvement in the reinforcing effects of rewarding behavior Ž . Koob, 1992; Nestler et al., 1993; Noble, 1996 . Animal studies have shown that alcohol can enhance Ž the dopamine release in the rat brain Brodie et al., . 1990; Weiss et al., 1993 , alcohol preference and sensitivity are markedly reduced in mice lacking the Ž .Ž . dopamine D2 receptor DRD2 Phillips et al., 1998 , and blockade of DRD2 disrupts ongoing alcohol Ž drinking in genetic drinking rat Myers and Robin-. son, 1999 . The association between the human DRD2 gene and alcoholism was first reported by Ž . Blum et al. 1990 . They found an allelic association of severe alcoholism with the TaqI A1 allele, which was located 10 kb downstream of the end of the 3Ј untranslated region of the DRD2 gene. However, the results of subsequent association studies have been conflicting, with some replicating and some not Ž replicating the finding reviewed by Ferguson and . Goldberg, 1997; Noble, 1998 . There are several important issues in interpreting these findings. First, since there are large variations in DRD2 allele frequencies among population groups Ž . Kidd et al., 1998 , the association might be due to confounding by population admixture if cases and control subjects were from different ethnic groups. Nevertheless, combined analyses of independent studies of non-Hispanic Caucasian alcoholics and non-alcoholics have shown the association to be Ž . significant Noble, 1998 . However, several familybased association studies employing either the transmissionrdisequilibrium test or affected familybased association tests, which are free from population stratification, failed to find such an association Ž between the DRD2 gene and alcoholism Neiswanger et al., 1995; Edenberg et al., 1998; Blomqvist . et al., 2000 . Second, several studies have reported that the DRD2 A1 allele is associated with a variety of other substance use disorders, such as nicotine, opioids, cocaine, and polysubstances, and it has been stressed that control subjects should be screened to exclude individuals with these drug problems. Third, since alcoholism is a heterogeneous disorder, the association between the DRD2 A1 allele and the disease might exist only in those with more severe alcoholism. However, there is no clear consensus about the definition of severity. Whether the medical complications commonly seen in more severe cases reflect the severity of alcohol dependence per se or are merely a medical consequence of alcohol Ž consumption has been debated Conneally and . Sparkes, 1998 . Given that the TaqI A and other nearby polymorphisms do not affect the protein sequence, it is probable that the association is due to linkage disequilibrium with unknown functional polymorphisms. Recently, a functional polymorphism at the 5Ј promoter region of the DRD2 gene was identified Ž . by Arinami et al. 1997 . The DRD2 promoter poly-Ž . morphism is a cytosine insertionrdeletion InsrDel variant at the ᎐141 nucleotide position. An expression assay showed that the C Ins allele has higher functional activity than the Del allele, indicating that this polymorphism may regulate the DRD2 Ž . gene expression in¨i¨o. Ishiguro et al. 1998 found that the ᎐141C polymorphism was associated with alcoholism in Japanese. Paradoxically, the trend that the frequency of the ᎐141C Ins allele was increased in Japanese alcoholic subjects as compared with control subjects was opposite to that expected. Besides, Ishiguro et al. found that there is no significant linkage disequilibrium between the ᎐141C and TaqI A polymorphisms. Several subsequent studies failed to find an association between the ᎐141C polymorphism and alcoholism, and could not find linkage disequilibrium between the ᎐141C and the Ž TaqI A polymorphisms Gelernter et al., 1998; . Blomqvist et al., 2000; Noble et al., 2000 . Given the limited number of studies that have examined this polymorphism in alcoholics, the role of the ᎐141C polymorphism of the DRD2 gene in the susceptibility to alcoholism warranted further investigation.
Another way to test the involvement of dopaminergic transmission in alcoholism is to examine genetic polymorphisms of the dopaminergic system other than dopamine receptor. The dopamine Ž . transporter DAT is located at the presynaptic neuron, and is responsible for the re-uptake of dopamine from the synaptic cleft to terminate the action of dopamine neurotransmission. Abnormal distribution and density of DAT were found in the Ž . brain of alcoholics Tiihonen et al., 1995 , 1992 , . Gelernter et al. 1994 reported an allelic association between the frequency of the nine-repeat allele of the SLC6A3 and cocaineinduced paranoia. Two subsequent population association studies on alcoholism found that either the frequency of the seven-repeat allele of the SLC6A3 was increased in Japanese alcohol-dependent patients with a defective aldehyde dehydrogenase-2 Ž U . Ž . allele ALDH2 2 Muramatsu and Higuchi, 1995 or the frequency of the nine-repeat allele of the SLC6A3 was increased in German alcoholic subjects Ž . with withdrawal symptoms Sander et al., 1997 . Ž . Schmidt et al. 1998 further found that the A9 allele is associated with more severe effects of alcohol withdrawal. However, a recent family-based association study with a new sample of German alcoholics failed to find a significant association of the nine-re-Ž peat allele of the SLC6A3 and alcoholism Franke et . al., 1999 . Similar to the case for the DRD2 gene, the interpretation of these association studies should be cautioned because there are large variations in SLC6A3 polymorphism frequencies among popula-Ž . tion groups Kang et al., 1999 . The relationship between the SLC6A3 polymorphism and alcoholism needs further exploration.
In a prior community-based association study, we examined the relationship between two polymorphisms of DRD2 and alcoholism in four aboriginal Ž groups and Han Chinese in Taiwan Chen et al., . 1997a . Features of the study included both cases and control subjects being matched by ethnicity, Ž cases were of sufficient severity meeting the DSM-Ž . III-R American Psychiatric Association, 1987 criteria of alcohol dependence and having withdrawal . symptoms , control subjects were screened to exclude individuals with alcohol problems, and tobacco abusers among controls were excluded from part of the analyses. We found a borderline association Ž between alcoholism and TaqI A1 in the Ami Ps . 0.08 and an association between alcoholism and Ž NcoI N1, located on exon 6 of the DRD2 Sarkar et . Ž . al., 1991 , in To explore the nature of these associations further, in this study we aim to examine the relationship between the functional polymorphism at the promoter region of the DRD2 gene and the VNTR polymorphism of the SLC6A3 with alcoholism using the same sample as our previous study. We also examined whether there is linkage disequilibrium between the DRD2 promoter region and the TaqI A and the NcoI polymorphisms. To further control of potential confounders, we excluded tobacco abusers from control subjects in part of the analysis and compared the distribution of the genetic polymorphisms in alcoholics with severe medical complications versus those with less severe medical complications.
METHODS

Subjects and clinical assessments
The ascertainment of subjects examined in this study Ž has been described in detail elsewhere Chen et al., . 1996 Chen et al., . , 1997a . In brief, subjects who met the DSM-Ž . III-R American Psychiatric Association, 1987 criteria of alcohol dependence with withdrawal symptoms were included as cases. The control subjects Ž were subjects who had no alcohol problems either never drank or only occasionally drank in low quan-. tity and were matched on the basis of ethnicity and sex to cases. Older eligible subjects were preferred as matched controls to avoid misclassification in phenotype. Any subjects born from an inter-ethnic marriage were excluded. Related subjects were also eliminated from eligibility. The alcoholic status of the subjects was assessed by a psychiatrist or welltrained research assistants with a semi-structured clinical interview schedule for alcoholism, which includes the alcoholism section of the Schedules for Ž Clinical Assessment in Neuropsychiatry World . Health Organization, 1999 and other relevant items. The reliability of the instrument has been reported Ž to be satisfactory Cheng and Chen, 1995; Cheng et . al., 2001 .
In addition to psychiatric assessment, information on medical complications and smoking history were also collected. As explained in detail in Chen et al. Ž . 1997a , we subgrouped the alcoholics as more severe if they had any one of the following complica-Ž . Ž tions: 1 impairment of liver function those without hepatitis B and C virus seropositivity and a combination of an alanine aminotransferase level ) 35 IUrl . and an aspartate aminotransferase level ) 35 IUrl ; Ž . Ž 2 peripheral neuropathy if subjects reported that alcohol consumption produced sensations of tingling . Ž . or numbness in the feet ; and 3 hallucinations. These criteria were selected because they could be determined either by laboratory tests or by selfreports of high accuracy in a field survey setting. To exclude a possible confounding by tobacco abuse among controls, those who have smoked at least one pack of cigarettes per day for at least 1 year were deleted from part of the analysis.
The aboriginal subjects were ascertained from either a longitudinal community survey among four Ž . aboriginal groups Atayal, Ami, Bunun, and Paiwan Ž . Cheng & Chen, 1995; Chen & Cheng, 1997 , or Ž referred to us via local health workers Chen et al., . 1997b . Almost all cases were identified from the community and many of them have been treated for various complications of alcohol drinking, although few of them had ever been treated for alcoholism per se due to poor accessibility of psychiatric services. The Han alcoholic subjects were recruited Ž from both community Chinshan and Sanchi Town-. Ž ship and clinical settings Taipei City Psychiatric . Center and Chinshan Health Station in northern Taiwan, while the Han control subjects were re-Ž cruited from both the community Chinshan and . Sanchi Township and the Health Screening Ward at Ž National Taiwan University Hospital Chen et al., . 1996 . Ž In total, 203 alcoholic subjects 168 men and 35 . Ž women and 213 control subjects 178 men and 35 . women were recruited for this study. The mean age for each group ranged from 41.2 to 51.1 years for cases and from 54.2 to 61.0 years for control subjects. However, because of genotyping failure or shortage of DNA material, the actual number of subjects varied for the analysis of the DRD2 promoter and the DAT1 VNTR polymorphisms.
Polymerase chain reaction-based genotyping
Genomic DNA samples extracted from blood were used as templates for polymerase chain reaction Ž . PCR amplification. The genotyping of the functional polymorphism at the promoter region of the Ž . DRD2 gene i.e. ᎐141C InsrDel was based on the Ž . method described by Arinami et al. 1997 with modification. In brief, PCR was carried out in a volume of 25 l reaction mixture containing sense primer 5Ј-ACTGGCGAGCAGACGGTGAG -GACCC-3Ј and antisense primer 5Ј-TGCGCGCGT-GAGGCTGCCGGTTCGG-3Ј. After an initial Ž denaturation at 95ЊC for 5 min, amplification 30
. cycles was performed with denaturation at 95ЊC for 1 min, annealing at 68ЊC for 1 min, and extension at 72ЊC for 1 min. The PCR amplification yielded a 304 Ž bp DNA fragment. After amplification, an aliquot 5 . Ž l of PCR product was incubated with BstN1 New . England Biolabs, Beverly, MA, USA at 60ЊC overnight. The digested PCR products were subjected to electrophoresis in 3% agarose gel, stained with ethidium bromide, and visualized under UV Ž . light. The Ins allele a cytosine insertion remained Ž uncut with the size of 304 bp, while the Del allele a . cytosine deletion yielded two DNA fragments of 160 and 144 bp.
The PCR-based genotyping of a 40-bp repeat polymorphism at the 3Ј untranslated region of the human DAT gene was essentially as described by Sano Ž . et al. 1993 . In brief, PCR amplification was carried out in a 25 l reaction mixture, containing sense primer 5Ј-TGTGGTGTAGGGAACGGCCTGAGA-3Ј and antisense primer 5Ј-TGTTGGTCTGCAG-GCTGCCTGCAT-3Ј. After initial denaturation at 95ЊC for 3 min, 30 cycles of PCR were carried out with the following conditions: denaturation at 95ЊC for 1 min, annealing at 60ЊC 1 for min, and extension at 72ЊC for 1 min. The PCR products were separated in 2% agarose gel by electrophoresis, stained with ethidium bromide and visualized under UV light with a marker standard on the same gel.
The genotypings of TaqI A and NcoI polymorphism have been described in our previous report Ž . Chen et al., 1997a .
Statistical analysis
The differences in allele frequency or genotype distribution between cases and controls were examined Ž . 
RESULTS
The genotype distribution of the ᎐141C InsrDel polymorphism of the DRD2 gene did not deviate from Hardy᎐Weinberg equilibrium in the four aboriginal groups and Han Chinese. Table 1 summarizes the distribution of the genotype and allele frequency of this polymorphism of the DRD2 gene. There were no significant differences in the genotype and allele frequency of this DRD2 polymorphism between alcoholic subjects and control subjects in the five ethnic groups from Taiwan. If we limited the alcoholic cases to those with more severe complications, the difference in genotype distribution between alcoholic subjects and control subjects became Ž . borderline for the Atayal Ps 0.09 .
If control subjects who have had tobacco abuse Žone Atayal, one Ami, seven Bunun, two Paiwan, . and 15 Han are excluded from the analysis, the Ž frequencies of the three genotypes InsrIns, . InsrDel, and DelrDel were respectively as follows: 0.90, 0.07, and 0.03 for the Atayal; 0.86, 0.14, and 0.00 for the Ami; 0.96, 0.04, and 0.00 for the Bunun; 1.00, 0.00, and 0.00 for the Paiwan; and 0.82, 0.18, and 0.00 for the Han. These were similar to those of the original control subjects. There were no differences in the genotype distribution of the ᎐141C InsrDel polymorphism of the DRD2 gene between the tobacco-abuse-free control subjects and alcoholic subjects for all five groups. If only more severe cases were included for the comparison, the difference in genotype distribution between alcoholic subjects and the tobacco-abuse-free control Ž subjects remained borderline for the Atayal Ps . 0.09 .
Since the ᎐141C polymorphism is located on the same DRD2 region with TaqI A and NcoI, we further examined whether there was linkage disequilibrium between the ᎐141C InsrDel polymorphism and the latter two. Because the frequency of Del rDel Ž . was very low in all five groups range, 0᎐0.03 , the frequencies of the haplotypes involving allele Del were also low. Unlike the significant linkage disequilibrium between the TaqI A and NcoI in all five Ž ethnic groups we reported previously DЈ s . Ž . 0.65᎐1.00 Chen et al., 1997a , neither the DЈ value between the ᎐141C and TaqI A nor that between the ᎐141C and NcoI reached statistical significance, except for one group. The DЈ value between the ᎐141C and TaqI A in controls and cases for each group were 1.00 and 0.58 for the Atayal, 0.88 and 1.00 for the Ami, 1.00 and 1.00 for the Bunun, 0.00 and 1.00 for the Paiwan, and 0.42 and 0.58 for the Han, respectively. Only the DЈ value for the Bunun Ž 2 cases reached statistical significance s 5.75, . df s 1, P-0.0001 . The DЈ value between the ᎐141C and NcoI in controls and cases for each group were 1.00 and 0.51 for the Atayal, 1.00 and 1.00 for the Ami, 0.16 and 1.00 for the Bunun, 0.00 and 1.00 for the Paiwan, and 0.46 and 0.65 for the Han, respectively. Again, only the DЈ value for the Bunun cases Ž 2 reached statistical significance s 7.15, df s 1, . P-0.0001 .
The genotype and allele frequencies of VNTR polymorphism at the 3Ј untranslated region of SLC6A3 among four aboriginal groups and Han Chinese were summarized in Table 2 . In our samples, three alleles were detected, including 490 bp Ž . Ž . Ž 11 repeats , 450 bp 10 repeats , and 410 bp nine . repeats . The 11-repeat allele was very rare in our subjects; we did not detect this allele in the Atayal, Ami, and Bunun. Only one out of 142 alleles in the Paiwan and six out of 256 alleles in the Han Chinese were found to be 11-repeat alleles. Hence, these individuals with 11 repeats were excluded from comparison. The genotype distribution did not deviate from Hardy᎐Weinberg equilibrium in both alcoholic subjects and control subjects in these five ethnic groups. There was a borderline difference between alcoholic subjects and control subjects in both the genotype distribution and allele frequency in the Ž . Ami Ps 0.09 . For the remaining ethnic groups, there were no differences in genotype and allele frequencies between alcoholic groups and normal control subjects. If we limited the alcoholic cases to those with more severe complications, the difference in the genotype distribution and allele frequency between alcoholic subjects and control subjects remained borderline for the Ami, although the P Ž . value decreased slightly from 0.09 to 0.07 . Ž The frequencies of the three genotypes 10 xr10 . x, 10 xr9 x, and 9 xr9 x among the tobacco-abusefree control subjects were respectively as follows: 0.90, 0.07, and 0.03 for the Atayal; 0.82, 0.18, and 0.00 for the Ami; 0.69, 0.29, and 0.02 for the Bunun; 0.90, 0.10, and 0.00 for the Paiwan; and 0.87, 0.11, and 0.02 for the Han. Again, these were similar to those of the original control subjects. There were no differences in the genotype distribution of the SLC6A3 VNTR polymorphism between the tobacco-abuse-free control subjects and alcoholic subjects, either all cases or more severe ones only, for all five groups.
DISCUSSION
The continuing controversy over the association between the DRD2 gene and alcoholism is puzzling. On the one hand, there continue to be new results supporting this association. The quantitative trait locus mapping in animal studies consistently demonstrates that the DRD2 gene is responsible for al-Ž cohol drinking in rats Philips et al., 1998; Myers and . Robinson, 1999 . Although one earlier meta-analysis of human population association studies indicated that the associations between the TaqI A polymorphism and alcoholism of early studies were due to Ž abnormally low control allele frequencies Gelernter . et al., 1993 , several later meta-analyses of studies among non-Hispanic Caucasians did find a signifi-Ž . cant association between the two Noble, 1998 . On the other hand, the magnitudes of association between alcoholism and haplotypes composing of TaqI A and several nearby polymorphisms that are closer to the DRD2 gene per se were less than TaqI Ž . A alone Noble et al., 2000 . An earlier study searched for functional polymorphisms in the region Ž of exon 2 to exon 8 in the DRD2 region Gejman et . al., 1994 . Although some polymorphisms were found in the exon regions, these were rare and were not associated with alcoholism.
Under this circumstance, the functional polymorphism of the promoter region of the DRD2 gene is of special interest because it has relatively high allele prevalence of the mutant allele. The frequency of the Del allele in the control subjects ranged from 0.0 to 0.11 in the control subjects in the present study, which is close to that in Americans of Ž . European origin 0.11 by Gelernter et al., 1998 but lower than those in other populations, such as Ž Japanese 0.23 by Ishiguro et al., 1998, or 0.21 by . Ž Gelernter et al., 1998 and African-Americans 0.39 . by Gelernter et al., 1998 . Intriguingly, the frequencies of the Del allele in alcoholics of different populations are closer to one another: 0.03᎐0.10 in the Ž . present study, 0.14 Ishiguro et al., 1998 in the Ž . Japanese, 0.11 in Germans Blomqvist et al., 2000 , Ž and 0.10 in non-Hispanic Caucasians Noble et al., . 2000 .
In terms of the potential association between the InsrDel and alcoholism, however, we did not find a positive association in our samples. This is consistent Ž with two previous studies Blomqvist et al., 2000; . Noble et al., 2000 . The only study that reported an association of the ᎐141C polymorphism with al-coholic subjects was in a subpopulation of Japanese Ž U . Ž alcoholic subjects those with ALDH2 2 Ishiguro . et al., 1998 . However, the paradoxical direction of Ž the association higher frequency of the Ins allele . rather than the Del allele in alcoholic subjects renders the finding difficult to explain. Moreover, there is no significant linkage disequilibrium between the ᎐141C Ins r Del polymorphism and the TaqI A and NcoI polymorphisms of the DRD2 in our samples. This is indeed consistent with all three previous Ž studies Gelernter et al., 1998; Ishiguro et al., 1998; . Blomqvist et al., 2000; Noble et al., 2000 . Taken together, the evidence so far does not support this promoter polymorphism of the DRD2 gene playing a significant role in increasing vulnerability to alcoholism.
In addition, we examined the possible involvement of the DAT gene in alcoholism in our samples. Although positive allelic association of the VNTR polymorphism of SLC6A3 and alcoholism has been Ž reported Muramatsu and Higuchi, 1995; Sander et . al., 1997 , the physiological function of the VNTR polymorphism of SLC6A3 remains unknown. Even in these positive studies, the allele that was found to have increased frequency in these two studies was Ž different the seven-repeat allele in the Japanese alcoholic subjects and the nine-repeat allele in the . German alcoholic subjects . However, no positive association with alcoholism was detected in this study. Our results are consistent with those of two Ž family-based association studies Parsian and Zhang, . 1997; Franke et al., 1999 . A recent comprehensive search for variations in each of 15 SLC6A3 exons and several introns failed to identify any common protein coding DAT sequence variant in 150 unrelated individuals free of neuropsychiatric disease and 228 patients of various psychiatric disorders Ž . Ž including 64 alcohol dependents Vandenbergh et . al., 2000 . The result indicates that there is substantial evolutionary conservation of the DAT protein sequence. Given the conservation in the coding region of the DAT gene and the failure of several Ž . association studies including this one to find an association between the VNTR polymorphism of the DAT gene and alcoholism, the possibility that the DAT gene is involved in the susceptibility to alcoholism may lie in its level-of-expression variation. Nevertheless, the SLC6A3 VNTR is a non-functional marker located at one end of the gene and little is known about linkage disequilibrium across this gene. Therefore, the lack of association between the VNTR polymorphism and alcoholism cannot exclude other variation in the gene if it is not in linkage disequilibrium with this VNTR marker.
The conflicting results as seen in many association studies may be attributed to several factors. One is the population admixture due to ethnic heterogeneity in the subjects studied. In this, we use the genetically isolated ethnic groups and chose the appropriate control subjects matched with sex and gender. Moreover, the control subjects were screened to exclude those with alcohol drinking problems. When tobacco abusers were excluded from part of our analyses, the results remained unchanged. Hence, the possibility of false-negative finding in either the DRD2 ᎐141C polymorphism or the SLC6A3 VNTR polymorphism due to population stratification or contaminated control subjects is low in this study. Another issue pertaining to the association studies in alcoholism is whether the alcoholic subjects are of sufficient severity. In this study, we consider all of our alcoholic patients as severe because they all had withdrawal symptoms in addition to satisfying the DSM-III-R criteria of alcohol dependence. Furthermore, if we subgrouped patients into less severe and more severe, and compared the more severe group with control subjects, the results of lack of significant associations between the two genetic polymorphisms and alcoholism remained unchanged.
Two limitations of this study should be noted. First, the sample size of each ethnic group was relatively small. Second, the level of heterozygosity for both the DRD2 ᎐141C InsrDel and SLC6A3 polymorphisms was low in our samples. Thus, we cannot exclude the possibility of insufficient power to detect the association due to the combination of these two factors.
